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'FULL SCALE SPAN LOAD DISTRIBUTION ON A TAPERED WING
WITH SPLIT FLAPS OF VARICUS SPANS

By John F. Parsons and Abe Silverstein
SUMMARY

Pressure—distributlon tests were conducted in the
full-scale wind tunnel on a 2:1 tapered U.S.A. 45 airfoil
equipped with 20 percent chord split trailing-edge flaps
of variosus spans. A special installation was employed in
the tests utilizing a half-span airfoil mounted vertically
atove a reflection plane. The airfoil has a constant-
chord center section and rounded tips and is tapered in
fhickness from 18 percent ¢ at the root to 9 percent c at
the tip. The amerodynamic characteristics, given by %the
usual dimensionless coefficients, are presented graphic-
ally as functions of flap span and angle of atfack as well
as Ty semispan load diagrams. The results indicate, in
general, that only a relatively small increase in the nor-
mal-force coefficient is to me expected by extending the
flap span of an airfoil-flap combination, similar to the
one tested, beyond 70 percent of the wing svan.

INTRODUCTION

Prerequisite to the accurate design and structural
analysis of a wing incerporating flaps i1s a complefteo
knowledge of the aerodynamic properties of the combina-
tion. A reasonable amount of detailed informaticn on the
effect of sgplit trailing—edge wing flaps upon the section
characteristics of an airfoil is available, notably the
full-~scale investigation reported in reference 1. Infor-
mation regarding the effect of flap span on the span-load
distritution is lacking at present, although an additional
investigation is under way to provide more detailed infor-
mation similar to that reported herein, The data included

in the present report are the results of pressufe WeaRULE-~

ments made along the span of a 2;1 tapered U.S. A. 45 air-
foil equipped with 20 percent chord spllt tralling-edge
flaps of variocus spans.
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The results presented were incidentaelly derived dur-
ing cther tests of-the alrfoil. Hence the results as
presented are not so comprehensive as desirable; however,
they provide interesting and -useful data, ‘which Justify
their presentation in view of the inadequacy of informa—
tion vf this nature.
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' ' APPARATUS _ i

Airfoil,- The airfoil used in this investigation (fig.
1) ig the startoard half—span portion of the 2:1 tavered
U.SeA: 48 girfuvil described in referénce 2. ' The full-
span airfoil-has-a span of 45.75 feet, an aspect ratio of
6.20, a mean chord of 7.38 feet, and an area of *37.50
square feet. The ordinates of" the root section of—the alr-
foil, thickness 18 percent, are given in tadle I. Pres-
sure 6Tifices areé installéed in the airfoil (reference 2)
a2t the. lateral locations shown in figure 1

Split-type trailing-edge wing flaps (figs. 2 and 3)
extending 35.5, 71.0, and 97.6 pércent of the asemispan
frem the plane of—ﬁymmetry'were installed on the airfoil.
The plywood flaps, tapered in plan form, were hinged at
80 percent of the wing chord. - ‘A flap-chord te wing-chord
ratio of 0.2 was maintained far all flape and all sec-
tions along the flap span. No préssuré orifices were in-

-

stalled on the flaps. : . oo oD T ;m___;,*;_

Inasmuch as the airfoil used was primarily deslgned
for operation without flaps, the aillerons were designed
without consgideration of future flap installation. For
this investigation, the aileron slots were therefore-cov-
ered for all tewts except for 'a cofiparison of the half-
and full-gspan ‘ajrfeils without flaps.s

Reflection plane.- The half-span airfoll was mounted
vertically abtove & reflection plane, which intersected
the airfoil at the plane of symmetry (figs. 2 and 3). The
reflectlon plane consists of a number of wooden panels
bolted %together to form a plane surface, A0 feet wide by
49- feet long, tangent tp the lower surface of the entrance
cone, .' N S _

- :
F) .- - . -

Marometerg.~ Two multitube liguid manometers were
used to record simultaneously the Individual orifice
pressures. A detalled description of the mancmelers and .
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their operation ig given in reference 2. The pressure
tubes from the orifices to the manometers were collected
within the airfoil and were not etposed to thé air stream.

Tunnel.~ The tests were conducted in the N.A. G A.
full-scale wind tunnel. A description of the tunnel and
auxiliary appvaratus is given in reference’ 3, "Figures 2 ~
and 3 are photographs of the airfoil with flap -installa-
tion mounted vertically in the tunnel above the reflec—
tion planse.

TESTS

In order to substantiate the validity of the test re-—
sults reported herein, a comparisonw with the full-spanm =
airfoil results reported in reference 2 was made.  PTeEs-
sure-distribution tests, preliminary to the main flep in-
vestigation, were made on the half-span airfoil. The test
conditions of the full-gpan airfoil tests, other than the
manner of support, were reproduced. Thes main investiga-
tion consisted of measurements of pressure distritution’
over the half-span airfoil as a plain airfoil and as oné
provided with flaps of thres snans, each’ flap heing set at
two angles. - I

All tests were made at a Reynolds Number of aﬁnroxi¥
mately 3,800,000, based on the mean chord of the airfoil
(7.38° 1eet) Four manometer exposures, providing four

separate and distinct sets of ingtantaneous p¥essur& mMeags=

urements over the airfoil, were made at each of fcur an-
gles of attack threughout the normal-flight range. The

four. pressure messurements, at each pressure orifice, were

averaged in plotting the section pressure dlagrams.
Throughout the investigation the condition of QY yaw and
0° roll for the airfoil was malntalned. o T e

B T

RESULTS

Pressure measurements were limited solely to the
pressures on the wing inasmuch as the flapns were noﬁ
equinped with pressure orifices. The mgasured pressures
therefore indicate the load upon the wing, including the
effect of the flap upnn the wing, and not the totgl 1oad
upon the wing-flap combination,

at .
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In order to obtain values of tntal load, the data
presented in reference 1 were uged, The ratios of flap
load to wing load, from reference 1, were. applied directly
to the present tapered-wing results.  This procedurs isg be-
lieved to be reasonably accurate for the angle-ocf-attack
range investigated inasmuch as both series of tests were
made with 20 percent chord flaps and under gimilar test
conditions, The data from reference 1 are presented &as
section characteristics and have dbeen . directly applied.
Although it is known that this procedure is not without
error, owing to the effectof airfeil thickness upon the
flap characteristics, an error as large as 25 percent in
the determination 6f the flap lead will cause an error of
only 6 percent in the total wing-~flap combtination load.
This methed of ottaining the total lead will cause larger
errord in the case of the longitudinal center~of-pressure
location and tHe pitching-moment.caefficient; hence these
characteristics are qualitative rather than exact.

Prior to the pressure-distribution tests, surveys of
tire velocity and the air-stream angle were made with the
reflectlon plane in place. Figure 4 shows the variation
in dynamic pressure above the reflection plane and on a
vertical center line of the tunnel ceincident with the 25
vercent chord line of the airfoil, L . R

The test results are presented graphically im the
form ofr dimensionless coefficients. All results have
been corrected for the influence of the jet boundary and
for the effeet of blocking (réferences 4 and 5). Local
alr-stream angles and dynamic-pressure correctionsg have
been applied at each orificé station in computing the
section pressure distribution. In additicn to . the fore-
going corrections, a correction fcr the air-gtream curva-
ture of the jet based nn the cherd-jet height ratin (ref-
erence 6) has been applied only to the test data used in
the comparison between the full- and half-svan airfoils
without flaps. In previeus full-scale wind-tunnel tests
this correction has been neglected since it ig generally
small, For comparative purposesg, however, the correctlisn
was ccnsidered necessary in view of the large difference
in J®t height for the two test set-ups., The results of
the flap investigation included horein have nct teen cor-
rected for air-stream curvature as it is negligible and
the manner of support was identical for sll testa.

The Fesults of the tests of the wing-flap combina-
tlons are presented as plots of the normal-force and

s =t T mlme——— T
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vpitching-mement coefficients and longitudinal and lateral

center-of-pressure locations against angle of attack. In

aidition, plots of semispan load distribution, of typical

section load digtritution, and of other airfoil character-
igtics are given. .

Values of the sectlion normal~force coefficient oy

and of the longitudinal center-ocf-pressure locations along
" the secticn for the wing porticn of the wing-flap. combina-
tion were determined from section lecad diagrams of orifice
pregsure ageingt section chord, as follows:

oy = A&

gc

and longitudinal center-of-pressure location from the
gquartefr-chord. point, _MA/A N

where
A is the iptegrated area of the section pressure
diagram. '
My, integrated moment of -areg of the section pres-—

sure diagram about the quarter—chord point of
the section chord. ) -

c, section chord.

¢, dynemic pressure,

The section normal-force coefficlient and the longitu-

dinal cénter-of-pressure location along the secticn cf the
wing-flap combination were obtained from the measured
pregsures by avplying corrgction factors, derived from the
data of reference 1, for flap load and flan centter of
rrgssure.. Typical section load fiagrams ‘are shown in fig-
ure 5 for a section 114-1/4 inches outboard of the wing
center line, The figure shows secition’ loa& diagramg, at
approximately the same engle of attack, 14%, for the plain
w1ng and for, the 97.6 percent span flap deflected 20° and
60° The pressure measurements cver the wing portion of
the combination sre shown by the exverimental points; the
pressure digtridbution over the flap was cemputed.

It is necessary to use a factor other'thah Cyp to
represent the span-load distritution on tapered wings be-~

cause the chord of the wing varies along the span. Plots ~
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of~the relative normal loadings K at the orifice sta-
tions along—the svan for the various test conditions are
shown in figures & to 12, The factor K 1is nondimen-
sional and is defined by

K = ¢, 8ection chord
n
semispan

Values of the wing normal~force coefficient Oy, the

total pitching-moment coefficient about the roet quarter-
chord point, and the longitudinal and lateral center—of-
pressure locations for the wing-flap combinationsg as de-
rived by the pressure plots and corrected for flap loed
are presented in figures 13 to 16, The values of Gy,
Cmc/é’ the longitudinal center-of~pressure locaticn in

prercentage of the roet chord from fhe leading edge of the

root chord, and the lateral center-of-pressure locatlon in
percentage of the semispan from the plane of. symmetry werse

determined asg folloWS.

=

Cy g;féi; lateral c.p. = I%l X
3

w'ino

. B AW
0mc/4 =

1
- i longitudinal c,p. = =~ -
q . 4

o
ol

where - A! is the integrated area of the semigpan
: load dlagram.

“Mpr, integfated momen of area of the semispan
' load diagram about—the plane of symmetryﬁ

A, inbegrated area ¢f the semispan moment
’ diggram; the section pitching moments
about the quarter-chord point were caomputed
from sectien ¢, and c.v. positiens and
plotted against the semispan. = _ -

5, total airfoil area.

b’ a-irf—oil Sp_a,n.
c, mean chord of airfoll, s/b.

-c*, root chord of airfoil.
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The presented data have been corrected fer local air-
stream angle and dynamic pressure as well ag for wing
washout and may Te considered as 8pPflying to an unwarped
airfoil in a uniform~velocity field. In the presentation
of the data it 1s to Pe noted that the chord forces on the
airfoil have bteen neglected; i.e., the longitudinal center-
of-pressure positions and the vpitching-moment cocrfficients
were derived solely from consideration of the normal forcés.

The variations of the lateral and longitudinal center-
of~pressure locations are shown (figs. 17 and 18) plotted
against flap span in percentage of the wing span for the

two flap angles tested. _ A s

The effectiveness of extending the flap span of the
20 percent chord flaps as.tested on the U.S.A. 45 airfoil
is shown in figure 19 for two flap angles and for the sev—
eral angles of attack investigated. This effectiveness|”
or relative efficiency, of added increments of flap span

is defined as the rate of increase of GN' with flap spah,
So as nat to limit the use of the curves to a specific
profile or span, the effectiveness as ﬁquted_;s_the rate
of increase of O, 3In ﬁefms of On, (the normal—force

coefllclent of the plain wing at the same angle of at-
tack), with flap span in percentage of fEe wing span.

DISCUSSICN

- TR T ee—— e -

L]
Iy
}
'

Inasmuch as the size and position of the flaps in the
present investigation were limited, a comnréhen51ve ‘angly-
sis of the data is at present unwarranted. The presented
results are, however, believed to be of an interesting ‘and
important nature and of sufficient accuracy for use 1n the
design of gimilar wing-flap comhlnatlons."

C— e e

- i

Flgure 5 shows the effect of the flap upon the preg-
sure distribution over the rest of the wing chord anE'EE
similar to that shown in reference 1.

The following observaticns, which in general would be
anticipated, are made from the semispan load diagrams -
given in figures 6 to 12. A marked similarity is motice~
able in the shape of the loading TUr¥es for the plain wing
and the wing with the 97.6 percent span flap at the gsame
valué of CON; the effect of the flap is to shift the le-—-
cation of the longitudinal center of pressure aft. For
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zEa‘E..l__ =
the partial-span flaps an abrupt drop in loading ig en- ,
countered at the flgp tip and, when compared with the
plain-wing at.the same value of 7Ty, an increase or

building up of load inboard and a decrease outboard of the
flap tip are evidenced. ) : e . T

Flgure 13 affords a comparigon btetween tests of the
half—gpan airfoil mounted vertically above a reflectlion
plane and the full-gpan airfoil (reference 2), of the asame
profile and plan form, mounted horizontally rn the wind-
tunnel center line. The results of the two tests cocmpare
faverably with the exception ef a 0,5° displacement cr the
normal-force cocefficient curves. The slopes of the Cx

curves are ldentical and the dlscrepancy in angle of attack
may be attributed to combined errors in measuring the air-
stream angle and angle of attack. i -

The aocrodynamic characteristlics of the airfoil ms
equipped with the flaps of different length and for flap
deflections of 20° gnd 60° are shown in figures 14 t» 18.
The results are much as expected and are similar to those .
from vrevious tests of gplit trailing-edge wing flaps.
For both flap angles tested, the location of the lateral
center 6f pressure moves outhoard with an increase in flap .
span, at mll angles of attack investigated (fig. 17).
This trend is reasonable inasmuck as the load is increased
nver that portion of the wing equipped with the flap, as
shown by an inspection of the semispan load diagrams. For
all positiveangles of attack tegted, the tendency of the
locatlon of the longitudinal centsr of pressurs is to re-
cede from the leading edge with an Jincrease in flap span
(fig. 18). This recession is generslly greater for the
larger flgp deflecktion. _ _ o ) ce . -

The effectiveness factor when plctted as shown (fig.
19) provides a means of determining the normal-ferce coef-
ficient of a gimilar airfeil equipped with a 20 percent
c¢hord flap. 4n integratinn of the area under this curve
gives tte increase in Cy in percentage of the normal-
force coefficient~of the plain wing at the same angle of -
attack for any desired span of flap extending outtrcard
from the plane of symmetry. A decided dissimilarity is
noted in tke curves for different flap angles, especially
at low angles of Attack., For large flap deflectlons '
(6r = 60°) the offectiveness of adding to the flap de- T

creases appreciably at high angles of attack for flap
spans of more than 60 percent cf the-wing span; whereas at

i iFE AR ey
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small flap angles (8f = 20°) +this effectiveness holds up
well until a value of flap span equal to 70 percent of the
wing span has teen reached. From an inspection of figure

19 it would seem that relatively little is to Pe galined in
normal~ferce coefficient by extending the flap span of an

airfoil—~flap combinatien of the type tested beyond 70 per~
cent of the wing span.

Langlley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,, -
Langley Field, Va., January 24, 1936.
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TABLE I: Tapered U.S.A. 45 Airfoil

Specified section ordinateS, root sectlicon

Cherd, 116 inches

Thickness, 18 percent

_Station Upper _ Lower
D 1.63 ) .1.63
1.25 4,71 -, 04
2.5 6.20 ~.67

.5 8.63 ~1,52

7¢5 . < 10.45 -, . _ ~2.05
Lo -11.79 ~2,50
15 12%.22 ~3.20
e0 14,11 -3.51
z 14,38 ~3.62
20 14.24 -3.68
40 13,13 ~-3.,61
50 11.08 ~3.,40
60 8.60 ~3.00
70 7 47 —~2.44
80 5.11 ~1.73
92 ’ | 2.59 -.22
95 l1.27 ~+45
100 0 0

Section ordinates in percent chord.
Stations in percent chord from L.E.
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Figure 1l.- Half-span tapered U.S.A.45 airfoll plan

form and orifice station location.
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Figure 2.— Half span tapered U.S.A.45

eirfoll mounted in

test position. g7.6 percent span flap.

Figure 3.-

gy

s 1 Prfiv =

Half span tape U.9.4.45 airfoil mounted in
test position. 35.5 percent span flap.
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Figure 4.- Dynamic-pressure survey above reflection plane on tunnel
vertical center line in plane of the airfoil.
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Resulds corrected for tunnel effects
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Figure 6.- Semispan load diagram of the tapered U.S.A, 45 airfoil,
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Results corrected for tunnel effects
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Figure 7.- Semispan load diagram of the tapered U.S5.A. 45 airfoil. _
20 percent chord, 97.6 percen%t span flap, 20° flap angle.
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Figure 8,- Semispan load diagram of the tapered U.S,A. 45 airfoil,
20 percent chord,97.6 percent span flap,60° flap angle.
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Results corrected for tunnel effects
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Figure 9.- Semigpan load diagram of the tapered U.S.A. 45 alrfoil.
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Rasultes corrected for tunnel effscts.
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Results corrected for tunnel effects.
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Results corrected for tunnel effects.
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